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What’s Different About Cloud?What’s Different About Cloud?

1 Elasticity
Massive Scale

Multi-tenancy 

Low TCO 

User Expectations Data Center Requirement
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3

Self Service

Pay-as-you-go

Deployments require “Built for Scale and Automation”
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4 Secure and Reliable



How do They Do It?How do They Do It?

Software Technologies & 
Management

Server, Storage, 
Switches

Data Center

*
*

*
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Tight coupling across software, hardware, data Tight coupling across software, hardware, data centercenter

Resource
Cost in

Medium DC

Cost in

Very Large DC Ratio

Network $95 / Mbps / month $13 / Mbps / month 7.1x

Storage $2.20 / GB / month $0.40 / GB / month 5.7x

Administration ≈140 servers/admin >1000 servers/admin 7.1x

Source: Hamilton 2009.03.28: Cloud Computing Economies of Scale, Keynote, Self-Managing Database Systems, Shanghai.



Cloud Service Provider #1
Datacenters

StorageStorage

Enterprise Virtual Private Cloud Reference ModelEnterprise Virtual Private Cloud Reference Model

Mobile Network 
Services

Desktop 
Clients

Mobile  
Internet
Device

Mobile Phone

Mobile 
Clients

Network 
Services

Cloud Service Provider #1
Datacenters

StorageStorage

Partner Cloud Service Provider #2

Cloud Wholesale 
Service Broker
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StorageStorage

Cloud Service Provider #2
Datacenters

Cloud Retail Service
Broker

Partner
Enterprise Cloud

Partner 
Network 
Svcs

StorageStorage

Cloud Service Provider #2
Datacenters

Internal  
Enterprise Data Center

Internal
Network
Services

How do I Build My Own?How do I Build My Own?

How do I Use Someone Else’s?How do I Use Someone Else’s?



Architecture Issues in Building and Architecture Issues in Building and 
Using CloudsUsing Clouds

��What are good applications What are good applications 
for the Cloud?for the Cloud?

�� How do I get maximum value How do I get maximum value 
from my infrastructure?from my infrastructure?

�� Can I really trust it?Can I really trust it?

�� How can I tell what’s going on How can I tell what’s going on 

ServersServers
(50%)(50%)

Labor
(13%)

Networking
(6%)

Power
(23%)

Facilities
(5%)

Other IT
(3%)
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�� How can I tell what’s going on How can I tell what’s going on 
with my cloud application?with my cloud application?

��Where are the performance Where are the performance 
bottlenecks? How can I bottlenecks? How can I 
eliminate them?eliminate them?

(23%)(3%)

Source: Intel internal analysis, 2008 of 3 yr TCO.



Enterprise Web 2.0 Apps in The CloudEnterprise Web 2.0 Apps in The Cloud

Sometimes, its not Sometimes, its not 
about meeting the about meeting the 
legacy requirements legacy requirements 
……

Even for the Even for the 
EnterpriseEnterprise

*
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Source: https://mychart.clevelandclinic.org/default.asp
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Active Power Management in the Data CenterActive Power Management in the Data Center

Business Business Need:Need:
••Reduce Overall ConsumptionReduce Overall Consumption
••Cap Busy Hour PeakCap Busy Hour Peak

* Other names and brands may be claimed as the property of others. Copyright © 2009, Intel Corporation.

Power 
consumption

Startup Latency

Off

10 min

0%

Server
Platoons

Idle Sleep

1s 2 min

50%

Cap

70%

Active 
Workloads

2%

30 sec

100%

Active 
Workloads

Full
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Sophisticated Workload Placement can lead to much higher efficiency



TelefónicaTelefónica* Green Data Center * Green Data Center 
ExperimentExperiment

Three management 
levels:

• Server Hardware (DCM)

• Group power capping 
with priority directive

• Server & group power 
monitoring

• Virtualization (vCenter)

* Other names and brands may be claimed as the property of others. Copyright © 2009, Intel Corporation.
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• Virtualization (vCenter)

• Host standby (S5) & 
power on

• VM suspend/resume

• VM placement & 
migration

• Host & VM load 
monitoring

• Application (Perf. Agent)

• Application KPI 
monitoring

Source: Cloud Power Management with Intel® Microarchitecture (Nehalem) Processor-based Platforms
Intel Developer Forum, September 2009



Trusted Compute Pools

* Other names and brands may be claimed as the property of others. Copyright © 2009, Intel Corporation.

New Technology Can Improve the Security of CloudsNew Technology Can Improve the Security of Clouds



Data Center Management Systems

SLA 

Management
Correlation and 

Alerting
1

Capacity 

Planning
Reporting, Trending 

and Forecasting

2

Load 

Optimization
Analyze-Decide-Act

3

Chargeback
Reporting, Billing, 

Auditing

4

Software 

License
Usage Based 

License Cost

5

And, How do you keep track of it all?And, How do you keep track of it all?
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Sampling Rate

Instrumentation
Method

Monitor Selection

Node Level
Monitoring

Multinode Filtering and Aggregation

Application 
Monitoring Sources

Other Infrastructure 
Monitoring Sources

1
and Forecasting

2 3 4
License Cost

5

10
Many Needs for Better Monitoring in the Data Center



150,000

200,000

250,000

tp
m

C

CPU (per processor unit)

Memory (per DIMM unit)

Hard Disk (per drive unit)

200x

The Data Center BottleneckThe Data Center Bottleneck
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0

50,000

100,000

Source: HP TPC-C posted ML platform results 

20012001 2009

200x

The performance of the basic DC building blocks is out of balance
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http://www.tpc.org/



Breaking the Network Bottleneck: FedBreaking the Network Bottleneck: Fed--Ex* 10GbE Case StudyEx* 10GbE Case Study
Old datacenter:Old datacenter:

10x 1GbE cables per server10x 1GbE cables per server

New datacenter: New datacenter: 
2x 1GbE (mgmt.), 2x 10GbE (repl. 8x 1GbE)2x 1GbE (mgmt.), 2x 10GbE (repl. 8x 1GbE)

10G uses 802.1q trunking and twinax cabling

* Other names and brands may be claimed as the property of others. Copyright © 2009, Intel Corporation.

Using 2 10GbE ports for iSCSI, and 2 for Ethernet, Fed-Ex reduced cost 
(~60%) and increased overall bandwidth

But, much complexity in the migration
Source: Increased Virtual Machine Flexibility and Scalability with Intel® Virtualization Technology for Connectivity 
Intel Developer Forum, September 2009



Breaking the Storage Bottleneck Breaking the Storage Bottleneck ��������
Solid State StorageSolid State Storage

The Level 3* Content Delivery Network

The Level 3 CDN required an alternative technology solution to provide a higher quality, better performing, lower 
cost environment for small-file content provider’s libraries.  The Intel SSD platform solved that requirement.  

* Other names and brands may be claimed as the property of others. Copyright © 2009, Intel Corporation.Source: Source: Designing Solid-State Drives (SSDs) into Data Center Solutions, Intel Developer Forum, September 2009

Previous Config:
Dual-Core Intel® Xeon® Processor

Four SATA HDDs
24 - servers per rack

New Config:
Dual-Core Intel® Xeon® Processor

Three SATA HDDs
Intel® X25M SATA SSD
24 - servers per rack

The Bottom Line Results

Transactions
per Server

Up to 3x
Increase

Storage
Power 

Up to 25%

Reduction



What about higher in the DC NetworkWhat about higher in the DC Network

1

2

3
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Source: Scalable, Commodity Data Center Network Architecture http://ccr.sigcomm.org/online/?q=node/378
Source: Towards a Next Generation  Data Center Architecture: Scalability and Commoditization PRESTO’08, August 22, 2008, Seattle, Washington, USA.

�� 100 racks @ 18 servers/rack 100 racks @ 18 servers/rack 
can produce 18 can produce 18 TbpsTbps of of 
storage and network trafficstorage and network traffic

�� DC Backbones have never DC Backbones have never 
been designed for this scale been designed for this scale 
even with oversubscription.even with oversubscription.

�� New Architectures EmergingNew Architectures Emerging



SummarySummary

��Cloud Computing ≠ Commodity ComputingCloud Computing ≠ Commodity Computing

��New Technologies and Architectures New Technologies and Architectures 
Emerging for Emerging for 

* Other names and brands may be claimed as the property of others. Copyright © 2009, Intel Corporation.

Emerging for Emerging for 
“Factory Class Computing”“Factory Class Computing”

��What Clouds do today is the tip of the What Clouds do today is the tip of the 
iceberg.iceberg.
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THANK YOU!THANK YOU!
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errata are available on request.errata are available on request.
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Risk FactorsRisk Factors
The above statements and any others in this document that refer to plans and expectations for the third quarter, the year andThe above statements and any others in this document that refer to plans and expectations for the third quarter, the year and ththe e 
future are forwardfuture are forward--looking statements that involve a number of risks and uncertainties. Many factors could affect Intel’s actuallooking statements that involve a number of risks and uncertainties. Many factors could affect Intel’s actual
results, and variances from Intel’s current expectations regarding such factors could cause actual results to differ materialresults, and variances from Intel’s current expectations regarding such factors could cause actual results to differ materially ly from from 
those expressed in these forwardthose expressed in these forward--looking statements. Intel presently considers the following to be the important factors that colooking statements. Intel presently considers the following to be the important factors that could uld 
cause actual results to differ materially from the corporation’s expectations.  Ongoing uncertainty in global economic conditcause actual results to differ materially from the corporation’s expectations.  Ongoing uncertainty in global economic conditionions pose s pose 
a risk to the overall economy as consumers and businesses may defer purchases in response to tighter credit and negative finaa risk to the overall economy as consumers and businesses may defer purchases in response to tighter credit and negative financincial al 
news, which could negatively affect product demand and other related matters.  Consequently, demand could be different from news, which could negatively affect product demand and other related matters.  Consequently, demand could be different from 
Intel's expectations due to factors including changes in business and economic conditions, including conditions in the creditIntel's expectations due to factors including changes in business and economic conditions, including conditions in the credit mamarket rket 
that could affect consumer confidence; customer acceptance of Intel’s and competitors’ products; changes in customer order that could affect consumer confidence; customer acceptance of Intel’s and competitors’ products; changes in customer order 
patterns including order cancellations; and changes in the level of inventory at customers. Intel operates in intensely compepatterns including order cancellations; and changes in the level of inventory at customers. Intel operates in intensely competittitive ive 
industries that are characterized by a high percentage of costs that are fixed or difficult to reduce in the short term and pindustries that are characterized by a high percentage of costs that are fixed or difficult to reduce in the short term and prodroduct uct 
demand that is highly variable and difficult to forecast. Additionally, Intel is in the process of transitioning to its next demand that is highly variable and difficult to forecast. Additionally, Intel is in the process of transitioning to its next gengeneration of eration of 
products on 32nm process technology, and there could be execution issues associated with these changes, including product defproducts on 32nm process technology, and there could be execution issues associated with these changes, including product defectects s 
and errata along with lower than anticipated manufacturing yields. Revenue and the gross margin percentage are affected by thand errata along with lower than anticipated manufacturing yields. Revenue and the gross margin percentage are affected by the e 
timing of new Intel product introductions and the demand for and market acceptance of Intel's products; actions taken by Intetiming of new Intel product introductions and the demand for and market acceptance of Intel's products; actions taken by Intel'sl's
competitors, including product offerings and introductions, marketing programs and pricing pressures and Intel’s response to competitors, including product offerings and introductions, marketing programs and pricing pressures and Intel’s response to sucsuch h 
actions; and Intel’s ability to respond quickly to technological developments and to incorporate new features into its producactions; and Intel’s ability to respond quickly to technological developments and to incorporate new features into its products.ts. The The 
gross margin percentage could vary significantly from expectations based on changes in revenue levels; capacity utilization; gross margin percentage could vary significantly from expectations based on changes in revenue levels; capacity utilization; stastartrt--up up 
costs, including costs associated with the new 32nm process technology; variations in inventory valuation, including variatiocosts, including costs associated with the new 32nm process technology; variations in inventory valuation, including variations ns 
related to the timing of qualifying products for sale; excess or obsolete inventory; product mix and pricing; manufacturing yrelated to the timing of qualifying products for sale; excess or obsolete inventory; product mix and pricing; manufacturing yielields; ds; 
changes in unit costs; impairments of longchanges in unit costs; impairments of long--lived assets, including manufacturing, assembly/test and intangible assets; and the lived assets, including manufacturing, assembly/test and intangible assets; and the 
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changes in unit costs; impairments of longchanges in unit costs; impairments of long--lived assets, including manufacturing, assembly/test and intangible assets; and the lived assets, including manufacturing, assembly/test and intangible assets; and the 
timing and execution of the manufacturing ramp and associated costs. Expenses, particularly certain marketing and compensatiotiming and execution of the manufacturing ramp and associated costs. Expenses, particularly certain marketing and compensation n 
expenses, as well as restructuring and asset impairment charges,  vary depending on the level of demand for Intel's products expenses, as well as restructuring and asset impairment charges,  vary depending on the level of demand for Intel's products andand
the level of revenue and profits.  The current financial stress affecting the banking system and financial markets and the gothe level of revenue and profits.  The current financial stress affecting the banking system and financial markets and the goinging
concern threats to investment banks and other financial institutions have resulted in a tightening in the credit markets, a rconcern threats to investment banks and other financial institutions have resulted in a tightening in the credit markets, a redueduced ced 
level of liquidity in many financial markets, and heightened volatility in fixed income, credit and equity markets.  There colevel of liquidity in many financial markets, and heightened volatility in fixed income, credit and equity markets.  There coulduld be a be a 
number of follownumber of follow--on effects from the credit crisis on Intel’s business, including insolvency of key suppliers resulting in produon effects from the credit crisis on Intel’s business, including insolvency of key suppliers resulting in product ct 
delays; inability of customers to obtain credit to finance purchases of our products and/or customer insolvencies; counterpardelays; inability of customers to obtain credit to finance purchases of our products and/or customer insolvencies; counterparty ty 
failures negatively impacting our treasury operations; increased expense or inability to obtain shortfailures negatively impacting our treasury operations; increased expense or inability to obtain short--term financing of Intel’s term financing of Intel’s 
operations from the issuance of commercial paper; and increased impairments from the inability of investee companies to obtaioperations from the issuance of commercial paper; and increased impairments from the inability of investee companies to obtain n 
financing. The majority of our nonfinancing. The majority of our non--marketable equity investment portfolio balance is concentrated in companies in the flash memomarketable equity investment portfolio balance is concentrated in companies in the flash memory ry 
market segment, and declines in this market segment or changes in management’s plans with respect to our investments in this market segment, and declines in this market segment or changes in management’s plans with respect to our investments in this 
market segment could result in significant impairment charges, impacting restructuring charges as well as gains/losses on equmarket segment could result in significant impairment charges, impacting restructuring charges as well as gains/losses on equityity
investments and interest and other. Intel's results could be impacted by adverse economic, social, political and investments and interest and other. Intel's results could be impacted by adverse economic, social, political and 
physical/infrastructure conditions in countries where Intel, its customers or its suppliers operate, including military conflphysical/infrastructure conditions in countries where Intel, its customers or its suppliers operate, including military conflictict and other and other 
security risks, natural disasters, infrastructure disruptions, health concerns and fluctuations in currency exchange rates. Isecurity risks, natural disasters, infrastructure disruptions, health concerns and fluctuations in currency exchange rates. Intentel's l's 
results could be affected by adverse effects associated with product defects and errata (deviations from published specificatresults could be affected by adverse effects associated with product defects and errata (deviations from published specificationions), s), 
and by litigation or regulatory matters involving intellectual property, stockholder, consumer, antitrust and other issues, sand by litigation or regulatory matters involving intellectual property, stockholder, consumer, antitrust and other issues, suchuch as the as the 
litigation and regulatory matters described in Intel's SEC reports.  A detailed discussion of these and other risk factors thlitigation and regulatory matters described in Intel's SEC reports.  A detailed discussion of these and other risk factors that at could could 
affect Intel’s results is included in Intel’s SEC filings, including the report on Form 10affect Intel’s results is included in Intel’s SEC filings, including the report on Form 10--Q for the quarter ended June 27, 2009Q for the quarter ended June 27, 2009. . 
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